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METHOD AND SYSTEM TO IMPROVE DECISION-DRIVEN CONTROL 

LOOPS 



CROSS REFERENCE 

[0001] This invention claims priority to Provisional Application No. 60/5 13,688, filed 

October 22, 2003. 

FIELD OF THE INVENTION 

[0002] This invention relates to a decision-driven control loop that can be used to transfer 

information or to control a process. For example, the decision-driven control loop may 
be used to transfer information from a magnetic or digital medium to an output, in either 
of a wired or wireless circuit. Additionally, the decision-driven control loop may be used 
to control a process, for example, a process controlled by a programmable logic 
controller. 

BACKGROUND OF THE INVENTION 

[0003] One of the advancements of modern technology is the decision-driven control 

loop ("DDCL"), in which input symbols are fed to a detector and the detector produces 
an output based on the input symbols. The DDCL includes a feedback loop, wherein the 
input symbols (prior to being fed to the detector) and the detector's output are evaluated 
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against each other. The result of this evaluation is generally referred to as a decision, and 
it is this decision that is then used to drive the control loop. 

[0004] DDCLs are useful in many communication devices requiring a high degree of 

precision and/or flexibility of decision. For instance, in a circuit for a read channel used 
for magnetic recording, a DDCL is useful, e.g., for adjusting gain, timing, adaptive finite 
impulse response (FIR), and/or baseline levels. 

{0005] Selection of memory path length for a data detector (such as a Viterbi detector) 

used in a DDCL has an effect on DDCL performance. The data detector tends to be more 
accurate if a longer memory path is used to derive the detector's output. The longer the 
memory path, however, the greater the delay, or latency, between the input symbols and 
the detector output. Accordingly, problems arise in the conflict between the competing 
needs of accuracy and speed. 

SUMMARY OF THE INVENTION 

10006] Accordingly, it is a general object of the present invention to provide an improved 

decision-driven control loop ("IDDCL") which overcomes the disadvantages described 
above and other disadvantages of the prior art. 

[0007] It is additionally a general object of the invention to provide a decision-driven 

control loop including a data detector producing first and second early decision outputs, 

and processing circuitry receiving the first and second early decision outputs and 

providing an output to drive the decision-driven control loop. 
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The decision-driven control loop will function in a layer system such as a read 
channel. Some or all of the functionality of the decision-driven control loop may be 
implemented in software. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention may be further understood by reference to the drawings that include 

Figures 1-10, taken in connection with the following descriptions. 

[0009] Fig. 1 is an illustration of data channel circuitry for processing signals derived 

from a storage medium, including examples of decision-driven control loop (DDCL) 
circuits; 

[0010] Fig. 2 is an example of data channel circuitry showing examples of improved 

decision-driven control loop (EDDCL) circuits in accordance with embodiments of the 
invention; 

[0011] Fig. 3 is an example of a previously known timing control unit; 

[0012] Fig. 4 is a schematic representation of a timing control unit for an improved 

decision-driven control loop (IDDCL) in accordance with an embodiment of the 

invention; 

[0013] Fig. 5 is an additional schematic representation of a timing control unit for an 

improved decision-driven control loop (IDDCL) in accordance with a further 

embodiment of the invention; 

[0014] Fig. 6 is an example of a previously known gain control unit; 
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[0015] Fig. 7 is a schematic representation of a gain control unit for an improved 

decision-driven control loop (IDDCL) in accordance with an additional embodiment of 
the invention; 

[0016] Fig. 8 is a schematic representation of an additional gain control unit for an 

improved decision-driven control loop (IDDCL) in accordance with an additional 
embodiment of the invention; 

[0017] Fig. 9 is a schematic representation of an additional timing control unit for an 

improved decision-driven control loop (IDDCL) in accordance with a further 
embodiment of the invention; 

[0018] Fig. 10 is a flowchart diagram of the implementation of an improved decision- 

driven control loop (IDDCL) in accordance with a further embodiment of the invention; 
and 

[0019] Fig. 1 1 is a schematic representation of data channel circuitry including improved 

decision-driven control loop (IDDCL) circuitry in accordance with a further embodiment 
of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
[0020] The following description of illustrative non-limiting embodiments of the 

invention discloses specific configurations and components. However, the embodiments 
are merely examples of the present invention, and thus, the specific features described 
below are merely used to describe such embodiments and to provide an overall 
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understanding of the present invention. Accordingly, one skilled in the art will readily 
recognize that the present invention is not limited to the specific embodiments described 
below. Furthermore, the descriptions of various configurations and components of the 
present invention that are known to one skilled in the art are omitted for the sake of 
clarity and brevity. Also, throughout this document, the term "noise" is understood by a 
skilled artisan to be synonymous with "error." 

Fig. 1 is an illustration of a known DDCL. As shown in the figure, a drive read 
head 10 is provided as an initial mediator between the DDCL circuit and information that 
is magnetically stored on a recording medium. One skilled in the art readily recognizes 
that the drive read head 10 and the associated magnetic storage medium (and thus the 
entire DDCL) could just as easily pertain to the reading of an optical storage medium, a 
magneto-optical storage medium, a digital drive, static or erasable memory, or any other 
circuit or device in which there is a transfer of information from one circuit to another 
circuit, or from a part of a circuit to another part of the same circuit, or from one device 
to another device, through wired, wireless, analog and/or digital means; or to control a 
process. 

The information read by the drive read head 10 is sent to the preamplifier 20. The 
preamplifier 20 detects and strengthens any weak signals received, for a subsequent, 
more powerful amplification stage which occurs in the variable gain amplifier (VGA) 30. 
VGA 30 takes as inputs both the signal from preamplifier 20 and a varying input voltage. 
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The varying input voltage is understood by one skilled in the art to vary the output of the 
VGA, and the varying input voltage is further described herein in relation to the 
automatic gain control circuit 100a. 

[0023] The amplified signal from variable gain amplifier 30 is fed to continuous time 

filter 40. Continuous time filter 40 may be any type of known filter, for example, a 
Butterworth filter or an elliptic filter. Continuous time filter 40 is meant to filter any type 
of unwanted feedback or known noise, such as electro-magnetic interference (e.g., the 
filtering of a 60 Hz "hum" that is common near electrical outlets/wiring). 

[0024] The output of the continuous time filter 40 is then fed to the analog-to-digital 

converter (A-D converter) 50, where the information signal is converted from analog to 
digital format and the timing of the signal is mediated by an additional input from timing 
control circuit 110a. 

[0025] The output of the A-D converter 50 is fed to a channel-shortening filter 60, 

otherwise known as a time-domain equalizer. In the example shown in Figure 1, the 
time-domain equalizer 60 is a finite impulse response (FIR) filter, and one skilled in the 
art understands that the purpose of the time-domain equalizer 60 is to correct for known 
noise effects such as inter-symbol interference (ISI), near-end cross-talk, analog-to- 
digital quantification errors, and digital noise introduced by finite precision arithmetic. 

[0026] Despite the use of the aforementioned continuous time filter 40 and equalizer 60, 

however, the output signal "y" of equalizer 60 may still contain elements of the above- 
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described noise included with the data symbols within the signal. The "y" output from 
equalizer 60 is accordingly presumed to have at least some noise, and this output is fed to 
both a data detector 70 (such as a Viterbi detector) and to a delay circuit 90. 

[0027] While one skilled in the art recognizes that the data detector 70 may be provided 

with only one output (as sometimes a control loop will use a single, full decision output 
signal), data detector 70 has two output signals: one being the full decision output signal 
"u" of the overall DDCL, and the other output signal being "ue," or the early decision 
output. Early decision output signal "ue" is fed to reconstruction filter 80. 
Reconstruction filter 80 filters the sample provided (early decision signal "ue") and a 
target response, thus producing what is presumed to be the noise-free data-detected signal 
"yh." Signal "yh" is then fed as a comparative signal back into the control loop to 
automatic gain control circuit 100a and timing control circuit 1 10a. 

[0028] Because data detection of the data within the symbols of the "y" signal takes a 

prescribed amount of time, the presumed-noisy data symbol signal "y" is delayed by 
delay circuit 90, so that the same set of data is ultimately compared in the automatic gain 
control circuit 100a and the timing control circuit 1 10a. 

[0029] That is, the presumed-noisy data symbol signal "y" is compared to the presumed 

noise-free signal "yh" in both the automatic gain control circuit 100a and the timing 
circuit 1 10a. Because the presumed noise-free signal "yh" has been previously filtered as 
described above by reconstruction filter 80, it is presumed to be more accurate than the 



-7- 



Marvell Docket No. MP0423 
Marvell Customer No. 23624 
EXPRESS MAIL NO. EV450369050US 

presumed-noisy data symbol signal "y." The comparison of the presumed noise-free data 
signal "yh" and the presumed-noisy data symbol signal "y" produces error signal 
decisions, which drive the control loops that manage automatic gain control circuit 100a 
and timing circuit 1 1 0a. 

[0030] More specifically, the decision made in the automatic gain control circuit 100a as 

between the presumed-noisy data symbol signal "y" and the presumed noise-free signal 
"yh" produces an error signal decision which drives the variable gain amplifier (VGA) 
30. 

[0031 ] In the case of the timing circuit 1 1 0a, the decision made therein as. between the 

presumed-noisy data symbol signal "y" and the presumed noise-free signal "yh" produces 
an error signal decision which drives the A-D converter 50, thereby implementing a 
desired timing for the DDCL circuit. 

[0032] Fig. 2 is an example of an improved decision-driven control loop (IDDCL) in 

accordance with an embodiment of the invention. Portions of Fig. 2 that have been 
described above in relation to Fig. 1 will not be repeated in the below description, for 
purposes of brevity and clarity. 

[0033] As shown in Fig. 2, the presumed-noisy data symbol signal "y" is applied to the 

data detector 70 and additionally to delay circuit 90. Data detector 70 has three outputs: a 
full decision signal "u" as the ultimate output of the IDDCL, a first early decision signal 
"ue," and a second early decision signal "ues." Early decision signals "ue" and "ues" 
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differ from each other in that signal "ue" is based on a shorter memory path than is signal 
"ues." 

Both signals "ue" and "ues" are fed to respective reconstruction filters 80a and 
80b. Therein, the data-detected sample signals "ue" and "ues" are filtered with respective 
target responses, thus producing data-detected signals "yh" and "yhs." 

The signal "yh" is initially used to drive the IDDCL because it is based on a 
shorter memory path and thus has a shorter data detection latency when being processed 
at data detector 70 than does the signal "yhs." The signal "yhs," however, by virtue of 
being based on a longer memory path in the data detector 70, possesses improved 
accuracy and reliability of data as compared to the "yh" signal. 

Therefore, the signal "yh" is earlier in time than the signal "yhs" due to the 
difference in latency caused by the associated lengths of time required for data detection 
for shorter and longer memory paths, respectively. Accordingly, the earlier signal ("yh") 
is initially used to drive the IDDCL. 

The decision made in the automatic gain control circuit 100b as between the 
presumed-noisy data symbol signal "y" and the presumed noise-free signal "yh" produces 
an error signal decision which initially drives the variable gain amplifier (VGA) 30. As 
applied to the timing circuit 1 10b, the decision made therein as between the presumed- 
noisy data symbol signal "y" and the presumed noise-free signal "yh" produces an error 
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signal decision which initially drives the A-D converter 50, thereby implementing an 
initial desired timing for the IDDCL circuit. 
[0038] The presumed noise-free signal "yh however, is not always noise-free. While a 

lower data detection latency may improve loop performance in terms of time, very short 
memory paths can also result in a degradation of accuracy such that the resultant gains in 
terms of loop performance time are inutile. Therefore, the second noise- free signal 
"yhs," based on a longer memory path than for the signal "yh," is used to improve the 
accuracy of the IDDCL. 

[0039] Noise-free signal "yhs" is filtered with target responses by reconstruction filter 

80b as to timing and gain for the sample signal provided (the signal "ues"). While the 
signal "yh" is initially driving the control loop based on error decisions made in gain 
control circuit 100b and timing control circuit 1 10b (these error decisions being derived 
from an evaluation between data symbol signal "y" and presumed noise-free 
reconstructed signal "yh"), the signal "yhs" is subsequently used to correct the loop 
output if the signal "yh" is different from the "yhs" signal. Since the reliability of the 
signal "yhs" is likely to be higher than the signal "yh " the signal "yhs" is used to correct 
the loop in one fashion or another. 

[0040] In another embodiment, any difference noted as between signal "yh" and "yhs" 

can result in a previously adopted error decision being undone, with no other output value 
being added. In yet another embodiment, the signal "yh" is subtracted from the signal 
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"yhs" and this difference is then applied to control the loop. In still a further 
embodiment, a weighted average is applied to the evaluation of signals "yh" and "yhs," 
and the product is used to control the loop. 

[0041] In any event, the signals "yh" and "yhs" are evaluated in both the automatic gain 

control circuit 100b and the timing control circuit 1 10b. The evaluation made in the 
automatic gain control circuit 100b is made in conjunction with the presumed-noisy data 
symbol signal "y" to produce an error signal decision which drives the variable gain 
amplifier (VGA) 30. As applied to the timing circuit 1 10b, the signals "yh" and "yhs" 
are evaluated and this evaluation is then used in conjunction with the presumed-noisy 
data symbol signal "y" to produce an error signal decision which drives the A-D 
converter 50, thereby implementing a desired timing for the IDDCL circuit. 

[0042] While the above description illustrates timing and gain control, one of ordinary 

skill in the art readily recognizes that the IDDCL can be applied to virtually any circuit or 
device wherein information is to be transferred; or to control a process. For instance, the 
invention is applicable to the reading of (or writing to) any of the following, non- 
exclusive examples: a magnetic storage medium, an optical storage medium, a magneto- 
optical storage medium, a digital drive, static or erasable memory, or any other circuit or 
device in which there is a transfer of information from one circuit to another circuit, or 
from a part of a circuit to another part of the same circuit, or from one device to another 
device, through wired, wireless, analog and/or digital means; or to control a process. 
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[0043] Additionally, the examples of the invention as herein described are capable of 

being implemented partly or completely in software. 

[0044] Fig. 3 is an example of a known timing control unit. As shown in the figure, a 

presumed noise-free reconstructed signal "yh" is evaluated against data symbol signal 
"y" in timing error detector 120. Any errors detected as between the timing of the signals 
"yh" and "y" are provided to loop filter 130. The error-correcting output 135 from loop 
filter 130 is then used to control the frequency of the voltage controlled oscillator (VCO) 
140. 

[0045] VCO 140 has a feedback loop correction clock signal 145a which is an additional 

input to the timing error detector 120. Correction clock signal 145 a is used to correct 
timing errors detected between signals "yh" and "y." An ultimately corrected output is 
shown by clock signal 145b, which is capable of driving an analog-to-digital converter, 
such as element 50 shown in Fig. 1, for timing control. 

[0046] Fig. 4 is a schematic representation of a timing control unit for an improved 

decision-driven control loop (IDDCL) in accordance with an embodiment of the 
invention. As shown in the figure, presumed-noisy data symbol signal "y" is separately 
error detected for timing with both the "yh" and "yhs" signals. One skilled in the art 
notes that the same sections of the original information signal are being evaluated as 
between "y," "yh" and "yhs" due to delay circuits 160, 170, and 90 (delay circuit 90 is 
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shown in Figs. 1 - 2 and is presumed to have already been applied to the signal "y" 
shown in Fig. 4). 

[0047] Timing error detector 120a detects timing errors between the presumed-noisy data 

symbol signal "y" and reconstructed signal "yh." The output of timing error detector 
120a is fed to both a delay circuit 210 and to an adder 220. Delay circuit 210 delays the 
signal so that the output of detector 120a is applied to the same section of the original 
information signal as is the output of timing error detector 120b. 

[0048] Timing error detector 120b detects timing errors between the presumed-noisy data 

symbol signal "y" and reconstructed signal "yhs." The output of timing error detector 
120b is fed to adder circuit 190. One skilled in the art readily recognizes that a 
subtraction circuit could be substituted for adder circuit 190. In any event, the delayed 
output from the first timing error detector 120a is subtracted from the output of the 
second timing error detector 120b by virtue of the output of 120a being inverted once it 
passes through delay circuit 210. The subtraction of the detected first timing error from 
the detected second timing error effectively removes any error on this signal path (at this 
point) introduced by the signal "yh." 

[0049] As further shown in the figure, comparator 180 compares the signal "yhs" with a 

delayed signal "yh," wherein the delay circuit 160 ensures that the same section of the 
original information signal is being compared. If there is a difference between the 
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corresponding signals "yh" and "yhs," then a logic level "1" is output to logic circuit 200 
(shown as an AND gate by way of example). 

[0050] In the logic circuit 200, one skilled in the art readily recognizes that any manner 

of logic gates or circuits could be implemented to practice the invention. In the 
exemplary logic gate shown by logic circuit 200, if there is a difference between signals 
"yh" and "yhs " then logic circuit 200 outputs the second timing error detector 120b 
output minus the delayed first timing error detector 120a output to adder 220. This 
effectively removes any detected timing error changes made in timing error detection unit 
120a due to the signal "yh" and substitutes the timing error detected by timing error 
detection unit 120b (or that timing error detected as between the signals "y" and "yhs"). 

[0051] In adder 220, the output of AND gate 200 is added to the first timing error 

detector 120a output and is then passed to the loop filter 130. The output 135 of the loop 
filter 130 is then used to control voltage controlled oscillator ("VCO") 140. The output 
145a of VCO 140 is then fed back to timing error detector 120a to correct for any timing 
errors, with output 145b being the ultimate corrected output capable of driving, for 
example, the timing of an A-D converter such as element 50 shown in Fig. 2. 

[0052] In an additional embodiment of the invention shown in Fig. 4, the timing error 

detector outputs from detectors 120a and 120b may be a function of several input signals 
V "yh " and "yhs" over a period of time. In this case, if the output of comparator 180 
is a 1, then it should be held at a 1 until all the outputs of the timing error detector 120a 
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that were effected by the error have been corrected. That is, AND gate 200 would be 
held open for n cycles for n consecutive inputs for the period of time to be corrected. 
[0053] In yet an additional embodiment of the invention shown in Fig. 4, instead of a 

comparator 180 or a logic gate 200, the outputs of detectors 120a and 120b are subtracted 
from each other, and this new value is then automatically added to the input of the loop 
filter 130. Accordingly, if signals "yh" and "yhs" are different, the result of the 
subtraction will be a particular numeral and correction will automatically be made. If the 
signals "yh" and "yhs" are the same, the difference will be zero, and there will be no 
correction. 

[0054] In an additional embodiment, a weighting factor is applied at adder 220. For 

instance, a factor, f 9 is applied to the difference derived by subtracting the output of the 
first error detector 120a from the second error detector 120b. This embodiment can be 
applied with or without comparator 180 and/or logic gate 200, as one skilled in the art 
would readily recognize how to apply such features. 

[0055] Fig. 5 is an additional schematic representation of a timing control unit for an 

improved decision-driven control loop (IDDCL) in accordance with a further 
embodiment of the invention. In Fig. 5, a timing control unit simply subtracts the loop 
filter input in the situation where the signals "yh" and "yhs" differ, as any difference 
noted between the two signals is presumed to mean that both are inaccurate. To explain 
in greater detail, if a difference is noted in comparator 180 as between the signals "yh" 
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and "yhs," then both signals "yh" and "yhs" are presumed to be unreliable. In this 
instance, a logic level of "1" is fed from comparator 180 to logic gate 200. 

[0056] Further, if a difference is output from timing error detector 120, this output is then 

delayed by delay circuit 210 and is fed to logic gate 200. If the logic level of "1" has 
been received by both inputs to the logic gate 200, the output of the timing error detector 
is output from logic gate 200 and is then inverted and subtracted from the output of the 
timing error detector 120 at adder 220, thereby eliminating any adjustment in the error 
signal produced by timing error detector 120 (wherein detector 120 is detecting 
differences in timing as between data symbol signal "y" and reconstructed signal "yh"). 
The output of adder 220 is then fed to loop filter 130. 

[0057] The output 135 of the loop filter 130 is then used to control voltage controlled 

oscillator ("VCO") 140. The output 145a of VCO 140 is then fed back to timing error 
detector 120a to correct for any timing errors, with output 145b being the ultimate 
corrected output capable of driving, for example, the timing of an A-D converter such as 
element 50 shown in Fig. 2. 

[0058] In an additional embodiment, it is noted by one skilled in the art that the timing 

error detector output 120 at time i (x,) might be a function of several input signals "y" and 
"yh." In that case, ifyhi , A t*yhs l (where A denotes latency between early decision signal 
"yh" and secondary early decision "yhs" outputs), then all timing error detector outputs 
that are a function of yh t . j must be corrected. For example, if jc, = (y/z, - yh ( . 2 )iyhi -/ - y ,-. 
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/), and ifyhi . a ityhs is x x -A>*i-A -i,*i-A-2 should be subtracted from the loop filter 130 
input. 

[0059] Fig. 6 is an example of a known gain control unit. In the figure, an error signal 

generator is shown which computes the difference between the reconstructed signal "yh" 
and the data symbol signal "y" at adder 230 to produce the error signal e ( =yh t -y h 
(wherein e is the error signal used to drive the loop). 

[0060] The output of adder 230 is then multiplied by the reconstructed signal "yh" at 

multiplier 240. The output of multiplier 240 is then multiplied by a loop gain, v, at 
multiplier 250, and this product is then passed to the integrator 260. The integrator 
output is then passed through an exponent unit 270 which computes the exponential of 
the integrator 260 output. The resultant product is the desired gain value used to drive, 
for example, the VGA 30 shown in Fig. 1 . 

[0061] Fig. 7 is a schematic representation of a gain control unit for an improved 

decision-driven control loop (IDDCL) in accordance with an additional embodiment of 
the invention. Data symbol signal "y" is separately compared to both reconstructed 
signals "yh" and "yhs." Further, reconstructed signals "yh" and "yhs" are also compared 
to each other. In this example, if differences are noted as between "yh" and "yhs," then 
"yh" is presumed to be unreliable and the error-correction depends upon the "yhs" signal 
as it is presumed to be more reliable due to being based on a longer memory path in data 
detector 70. 
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To explain in greater detail, data symbol signal "y" is applied to an adder 230 and 
also to a delay circuit 290. Once delayed by delay circuit 290, the data symbol signal "y" 
is applied to an adder 300. At both the adder 230 and the adder 300, the data symbol 
signal "y" is inverted. 

The signal "yh" is also applied to adder 230, wherein this value has the data 
symbol signal "y" thus subtracted from it as the data symbol signal "y" has been inverted. 
The product of adder 230 is then fed to multiplier 240, where the signal "yh" is 
multiplied against the product of adder 230. The output of multiplier 240 is then fed to a 
delay circuit 370, as well as to an adder 280. 

At adder 300, the signal "y" is subtracted (by virtue of having been inverted) from 
the signal "yhs." The product of adder 300 is then fed to multiplier 310, wherein the 
signal "yhs" is multiplied times the product of adder 300. The output of multiplier 310 is 
then fed to adder 320. 

Reconstructed signals "yh" and "yhs" are compared at comparator 340, wherein if 
the signals are equal, comparator 340 issues a logic level of "0" as an output. If the 
signals are not equal, comparator 340 issues a logic level of "1" as an output. The output 
of comparator 340 is fed to selector 360. 

Delay circuit 370 delays the output of the multiplier 240 so that the same segment 
of the original information signal is ultimately evaluated at adder 320 and selector 360. 
That is, the output of delay circuit 370 is fed to adder 320, before which the output of 
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delay circuit 370 is inverted. The output of multiplier 3 10 is also applied to adder 320. 
This value is then input to the selector 360. 

[0067] At selector 360, a selectable input 350 (selectable input 350 may be any 

predetermined input, for example, a default value or an operator input as further 
explained herein) and the output of adder 320 are evaluated based on the output from 
comparator 340. If the signal "yhs" differs from the signal "yli" at comparator 340, then 
selector 360 issues the sum added in adder 320 to adder 280. This effectively removes 
the previous changes in the potential error correction signal made by the integration of 
the signal "yh" with the signal "y," and replaces the error correction to be applied at 
adder 280 with the integration of the signals "yhs" and "y" via selector 360. If the signal 
"yhs" does not differ from the signal "yh" at comparator 340, then selector 360 issues the 
selectable input 350 as an output to adder 280. 

[0068] In an additional embodiment of the invention shown in Fig. 7, the adder 320 

output may be a function of several input signals "y," "yh," and "yhs" over a period of 
time. In this case, if the output of comparator 340 is a 1, then it should be held at a 1 
until all the outputs of adder 320 that were affected by the error have been corrected. 
That is, selector 360 would be held open for n cycles for n consecutive inputs for the 
period of time to be corrected. 

[0069] In yet an additional embodiment of the invention shown in Fig. 7, there is not a 

comparator 340 or a selector 360. Instead, the inputs to adder 320 are continuously 
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evaluated against each other to produce a new value (for example, the output of delay 
circuit 370 may be continuously subtracted from the output of multiplier 310), and this 
new value is then automatically added to the input of the integrator 260 at adder 280. 
Accordingly, if signals "yh" and "yiis" are different, the result of the subtraction will be a 
particular value and correction will automatically be made. If the signals "yh" and "yhs" 
are the same, the difference will be zero, and there thus will be no correction. 

In an additional embodiment, a weighting factor is applied to the circuit. For 
instance, a factor,/ is continually applied to the output of the adder 320. This 
embodiment can be applied with or without comparator 340 and/or selector 360, as one 
skilled in the art would readily recognize how to apply such features of this invention. 

In an additional embodiment, the output of delay circuit 370 is only subtracted at 
adder 320 where signals "yh" and "yhs" differ. 

In yet a further embodiment, selector 360 allows selections to be made using input 
350. Selectable input 350 may be any predetermined input, for example, a default value 
or an operator input. Such may be useful to reinforce a correct decision, for instance, a 
possibly attenuated signal from delay 370 could be used as selectable input 350 to 
reinforce a correct decision. That is, the "yh" signal may be correct, but is not to be 
entirely trusted because it is based on a shorter memory path; therefore, if the secondary 
decision indicates that the initial decision was in fact good, the reinforced decision is re- 
inserted to increase an effective gain (i.e., passing an attenuated signal from delay 370 as 
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input 350). Skilled artisans recognize that selector 360 could instead be a multiplexer or 
a logic gate. 

[0073] In the exemplary embodiments described above in relation to Fig. 7, the output of 

adder 280 is multiplied by a loop gain, v, at multiplier 250, and this product is then 
passed to the integrator 260. The integrator output is then passed through an exponent 
unit 270 which computes the exponential of the integrator 260 output. The resultant 
product is the desired gain value used to drive, for example, the variable gain amplifier 
30 shown in Fig. 2. 

[0074] An additional embodiment of the invention applied to a gain control unit is shown 

in Fig. 8. As illustrated in the figure, if a difference is noted in comparator 340 as 
between the yh signal and the yhs signal, then both signals yh and yhs are presumed to be 
unreliable. In this instance, a logic level of "1" is then fed from comparator 340 to 
selector 360. 

[0075] The output of multiplier 240 is delayed by delay circuit 370, and this is then 

inverted and fed to adder 320. At selector 360, there are three inputs: the output of adder 
320, the selectable input 350, and the output of comparator 340. The output of 
comparator 340 determines which of the inputs to the selector 360 are passed as the 
output of the selector 360. That is, in one example, if a logic level of "1" has been 
received from comparator 340 to the selector 360, then the output of adder 320 is output 
from selector 360. This thus subtracts any change made by the integrator circuit 
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comprising adder 230 and multiplier 240 in relation to the signal "yh," eliminating any 
adjustment in the error signal produced (wherein the integrator circuit comprising 
elements 230 and 240 produces a gain value by integrating data symbol signal "y" and 
reconstructed signal "yh")- Conversely, if the output of comparator 340 is a logic level of 
"0" (denoting no difference between the signals "yh" and "yhs"), then the selectable input 
350 is passed as the output of selector 360. In any event, the output of selector 360 is 
then fed as one of the inputs to adder 280, to be combined with the output of multiplier 
240. 

[0076] The output of adder 280 is then fed to integrator 260 and the remainder of the 

processing is similar to that described in relation to Fig. 7, above, so that the overall gain 
of the circuit can be adjusted. For instance, the output of the exponential unit 270 may be 
used to drive a variable gain amplifier, such as element 30 shown in Fig. 2. 

[0077] Fig. 9 is an example of an improved decision-driven control loop (BDDCL) in 

accordance with an additional embodiment of the invention. Because the embodiment of 
the invention shown in Fig. 9 is similar in nature to the above description of Fig. 4, 
portions of Fig. 9 that have been described above in relation to Fig. 4 will not be repeated 
in the below description, for purposes of brevity and clarity. 

[0078] In Fig. 9, the inputs to adder 190 are continuously evaluated against each other to 

produce a new value (for example, the output of delay circuit 210 may be continuously 
subtracted from the output of timing error detector 120b), and this new value is then 
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automatically added to the input of the loop filter 130 at adder 220. Accordingly, if 
signals "yh" and "yhs" are different, the result of the subtraction will be a particular value 
and correction to the control loop will automatically be made. If the signals "yh" and 
"yhs" are the same, the difference will be zero, and there thus will be no correction to the 
control loop. 

Fig. 10 is a flowchart showing the general sequence of operation of the improved 
decision-driven control loop (IDDCL). In Fig. 10, an information signal is read and sent 
to a data detector. If no data is detected at the data detector, the data detector simply 
waits until data is detected. Then, once data is detected at the data detector, the data 
detector outputs at least first and second early decision outputs of differing memory path 
lengths that are all equal to or less in length than the length of a full memory path. 

Next, the first and second early decisions are evaluated against each other, as well 
as against the information signal fed to the data detector, to produce an evaluation 
decision. The evaluation decision is then used to drive the improved decision-driven 
control loop (IDDCL). 

Fig. 1 1 is an example of an improved decision-driven control loop (IDDCL) in 
accordance with an additional embodiment of the invention. Because the embodiment of 
the invention shown in Fig. 1 1 is similar in nature to the above description of Fig. 2, 
portions of Fig. 1 1 that have been described above in relation to Fig. 2 will not be 
repeated in the below description, for purposes of brevity and clarity. 
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In Fig. 11, first data detector 70a is used to produce the first early decision output, 
the "ue" signal. Further, second data detector 70b is used to produce the second early 
decision output, the "ues" signal. First data detector 70a may be a peak-detector or a 
sheer, while second data detector 70b may be a Viterbi detector. A skilled artisan 
understands that detector 70a could thus be endowed with a very small latency, while 
detector 70b could be optimized for enhanced error rate performance. The skilled artisan 
also recognizes that output signal "u," while shown as coming from data detector 70a, 
could just as easily come from data detector 70b or from a combination of the outputs of 
70a and 70b. 

In the above embodiments, the IDDCL has improved accuracy, speed, and 
flexibility. That is, accuracy is improved in that the signal "yhs" is based on a relatively 
longer memory path; speed is improved in that signal "yh" is based on a relatively shorter 
memory path; and flexibility of decision is enabled, in that the signal "yh" may be 
replaced by the signal "yhs," or the previous correction made with the signal "yh" can 
simply be removed from any correction of the IDDCL, or signal "yh" may be subtracted 
from signal "yhs," or a weighted factor may be applied to the two. 

Such embodiments of the IDDCL can improve the accuracy, speed and flexibility 
of virtually any circuit or device wherein information is to be transferred; or to improve 
control of a process. For instance, the invention has the potential to improve the reading 
of (or writing to) any of the following, non-exclusive examples: a magnetic storage 
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medium, an optical storage medium, a magneto-optical storage medium, a digital drive, 
static or erasable memory, or any other circuit or device in which there is a transfer of 
information from one circuit to another circuit, or from a part of a circuit to another part 
of the same circuit, or from one device to another device, through wired, wireless, analog 
and/or digital means; or to improve control of a process. Additionally, the descriptions of 
the invention herein provided are capable of being implemented in software contained in 
any of a number of forms, as will be readily apparent to ordinarily skilled artisans. 
[0085] The previous description of the embodiments is provided to enable a person 

skilled in the art to make and use the present invention. Moreover, various modifications 
to these embodiments will be readily apparent to those skilled in the art, and the generic 
principles and specific examples defined herein may be applied to other embodiments 
without the use of inventive faculty. For example, some or all of the features of the 
different embodiments discussed above may be deleted from the embodiment. Therefore, 
the present invention is not intended to be limited to the embodiments described herein 
but is to be accorded the widest scope defined only by the claims below and equivalents 
thereof. 
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